INTRODUCTION
The products of volcanism have long been presumed sources of selenium found in geologically younger materials. This is, at least in part, a result of studies of the selenium content of volcanic gases and volcanic sulfur (Byers, Miller, Williams, and Lakin, 1938, p. 51-55) . These investigations demonstrated that selenium is unquestionably a product of some volcanism; although it is not known whether there is any marked difference in the selenium content of the volatile products from different eruptions of the same volcano, or in similar products from different volcanos, New information of the selenium content of some samples of volcanic rocks from the Hawaiian Islands and several Western States is presented here. These data have been collected as a part of a continuing study by the U.S. Geological Survey of the geology and geochemistry of selenium. 69
CONTRIBUTIONS TO GEOCHEMISTRY
Most of the samples whose selenium analyses are presented were collected by H. A. Powers in his studies of volcanism for the Geological Survey; the remainder were collected by other members of the Geological Survey.
The samples analyzed for selenium were selected from the large number available to give as much of a stratigraphic and geographic spread as possible, and to represent all major chemical categories of extrusive rocks. Flow rocks, ash, and rocks derived from ash are included. Where possible, selenium analyses were made of samples of rocks already identified by complete rock analyses; however, the rock names of many samples are based on field identification.
Selenium analyses of samples were made by personnel of the U.S. Geological Survey. Two analytical methods for determination of selenium were employed: the field and the laboratory methods.
The laboratory method is that used for the determination of selenium in foods and is described in "Official Methods of Analysis of the Association of Official Agricultural Chemists" (Lepper and others, 1950) . The field method is identical except that for the final step of the laboratory method, a visual estimation of selenium content as described by Franke, Burris, and Hulton (1936, p. 435) has been substituted, Results provided by the laboratory method are considered to be correct within an error of ±10 percent of the reported value; those provided by the field method within an error of ±35 percent (H. W. Lakin, oral communication, 1957) .
PREVIOUS WORK
During the 1930's, considerable work was done, principally by chemists and soil scientists of the U.S. Department of Agriculture, and several State organizations of the Rocky Mountain region, on the occurrence of selenium in plants and soils, and the rocks from which seleniferous soils have been derived. A few analyses of samples of volcanic rocks are given hi publications which resulted from this work. Most of these analyses, together with descriptions of the materials constituting the samples, and the publications in which the analyses were presented are listed in table 1.
The work by the U.S. Department of Agriculture and the State organizations of the Rocky Mountain region indicated that many geologic formations are at least locally seleniferous. Igneous rocks considered highly seleniferous are without exception of volcanic origin, and many seleniferous sedimentary formations probably have received large contributions of the products of volcanism, either ash, dust, or gas, or detritus derived from the breaking down of preexisting seleniferous volcanic rocks. The Cretaceous Pierre and Niobrara formations, both seleniferous, were studied in great detail, Byers (1936, p. 21) . Byers, Miller, Williams, and Lakin (1938, p. 22 ). Byers, Miller, Williams, and Lakin (1938, p. 40) . Do. Do.
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and two views as to the source of the selenium in these sedimentary formations were advanced. Beath and others (1935) and Trelease and Beath (1949, p. 95) suggest that the selenium contained in these formations was a "primary constituent of the magmas that were introduced into or poured out upon the old Central Cordilleran land mass from which the Cretaceous rocks were derived." These authors suggest further that "Erosion of the extrusive selenium-bearing igneous rocks produced by volcanism and subsequent deposition in the Cretaceous seas could account for the primary occurrence of selenium in sedimentary rocks of Cretaceous age." Byers and others (1936, p. 821-823; 1938, p. 61) believe, on the other hand, that the Pierre and Niobrara formations may have acquired their selenium content from gaseous emanations and dust which accompanied volcanic activity. These authors presume that rainfall would bring these volcanic products into the Cretaceous seas, and believe that the rocks from which the Pierre and Niobrara sediments were derived probably did not contain selenium in sufficient quantities to account for the concentrations of selenium in these two formations.
A trachytic crystal tuff of middle to late Eocene age (Tourtelot and others, 1946) exposed near Lysite, Wyo., has been much studied because of its high selenium content. Beath, Hagner, and Gilbert (1946, p. 6-13) sampled and described rock from this formation and report that selenium content ranges from about 5 to 227 ppm. More recently the U.S. Bureau of Mines investigated this material as a potential source of selenium and reported that the selenium content of more than 600 samples ranged from less than 40 to 500 ppm (Everett and Bauerle, 1957) .
RESULTS OF ANALYSES OF VOLCANIC ROCKS FOR SELENIUM
In tables 2-4, 82 analyses for selenium in volcanic rocks are presented. Sample data have been grouped geographically: those from southern Alaska are presented in table 2; those from the Hawaiian Islands in table 3; and those from California, Colorado, Idaho, New Mexico, and Wyoming in table 4.
ALASKAN VOLCANIC BOCKS
Of 15 samples from southern Alaska, ranging in age from Tertiary to Recent, none contained more than 1 ppm selenium (table 2). Of the 15 samples 2 were of ash, and 13 of flow rocks (5 vitrophyre and 8 crystalline). The rocks sampled were, as a whole, of mafic types. The geographic localities from which the samples came are shown on figure 9.
HAWAIIAN VOLCANIC BOCKS
Selenium analyses of 15 samples of volcanic rock from the Hawaiian Islands are presented in table 3. These samples of mafic volcanic rocks range in age from Tertiary to Recent, and all but one contained less than 2 ppm selenium. A crystal tuff of the upper Tertiary(?) Kula volcanic series, contained 3 ppm; the selenium was apparently contained in the noncrystalline part of the tuff, for a sample consisting of augite and olivine crystals separated from the tuff, contained less than 2 ppm selenium. The localities at which the samples from the Hawaiian Islands were collected are shown on figure 10. augite.
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MODE OF OCCURRENCE OF SELENIUM IN VOLCANIC ROCKS
The mode of occurrence of selenium in volcanic rocks is little known, partly because the level of selenium content in these materials is very low, as shown by the analytical data presented in this report.
Some information is available of the mode of occurrence of selenium in one atypical volcanic deposit, a water-laid ash, called the "Lysite tuff." The tuff properly called the "Green and Brown member of the Tepee Trail formation" is of Eocene age and is well exposed near Lysite, Wyo. (Tourtelot, 1957) .
Unlike the selenium contained in most volcanic rocks the selenium in Lysite tuff is readily removed by water. For example, Beath, Hagner, and Gilbert (1946, p. 11) state that in 3 samples of tuff, 84 percent, 96 percent, and 87 percent of the total selenium was water soluble, and most of the selenium was in the selenate state. The selenium content of the samples was, respectively, 112 ppm, 187 ppm, and 175 ppm. Extensive sampling and analytical work by the U.S. Bureau of Mines (Everett and Bauerle, 1957) has established that selenium is distributed erratically in small irregular bodies, and is not confined to any particular bed or beds. This distribution pattern suggests localization by ground water, rather than the even distribution one would expect if selenium vapor, or seleniferous dust, were collected by falling rain and brought to earth. Selenium in samples of other seleniferous volcanic rocks is so tightly held that it can only be liberated by destruction of the rock by nitric acid or a similar strong solvent.
DISCUSSION
In spite of the paucity of new and positive information to be derived from study of the selenium analyses of volcanic rocks reported here, some discussion of the meaning of the analytical data is justified.
Examination of the analyses presented in this report indicates no particular correlation between selenium content of samples and the areas from which the samples came, or the rock type (from the point of view of the rock name) of the samples, but there is a hint of a physical correlation. Bentonites and tuffs volcanic rocks composed of ash seem to contain more selenium than the vitrophyres and crystalline rocks analzyed. Information published by earlier workers (table 1) caused the writers to hold this opinion before the new analytical data presented here were compiled, and the new data have strengthened the opinion that volcanic rocks composed of ash are more seleniferous than crystalline ones.
It is probable that the selenium content of the magmas from which the ash samples were derived was as high as the selenium content of the magmas from which, the flow rock samples were derived. It is the writers' opinion that the observed lower selenium content of the flow rocks may be attributed to loss of selenium during crystallization. Evidence that such a process may take place is indicated by the presence of selenium in fumarolic incrustations (Zies, 1929) . This loss presumably did not take place during the rapid solidification of the material making up the ash samples.
The new data also support the hypothesis (Byers and others, 1936, 1938 ) that highly seleniferous sediments may have acquired their selenium chiefly from dust and gases, carried directly into the sediments by rain, as opposed to the hypothesis others, 1935, and Trelease and Beath, 1949 ) that the selenium in sedimentary rocks is derived by normal processes from the erosion of a highly seleniferous upland composed of crystalline volcanic rocks.
